PHYSICAL QUANTITY DETECTION EQUIPMENT 


CROSS REFERENCE TO RELATED APPLICATION 
This application is based on Japanese Patent Application No. 
2002-202902 filed on July 11 , 2002, the disclosure of which is 
incorporated herein by reference. 

FIELD OF THE INVENTION 
The present invention relates to physical quantity detection 
equipment for detecting physical quantity. 

BACKGROUND OF THE INVENTION 

Recently, a physical quantity sensor for detecting a physical 
quantity such as pressure, temperature, and acceleration, is much 
required in accordance with the home automation and the car 
automation. When a physical quantity sensor having a single 
measurement range is set to detect a large change in physical 
quantity, the sensor cannot detect a fine change in the physical 
quantity. In this case, detection resolution of the sensor, i.e., 
detection accuracy, is comparatively low. Conversely, when the 
sensor is set to have high detection accuracy, the sensor cannot 
detect a large change in the physical quantity. 

To detect both a large and fine change in physical quantity, 
a physical quantity sensor having a plurality of measurement ranges 
is proposed. As shown in Fig. 8, a physical quantity sensor 50 
includes three sensing units 50a-50c. Each sensing unit 50a-50c 
has a sensing device 51a-51c, an amplifier 52a-52c, and an output 
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circuit 55a-55c. Each output circuit 55a-55c connects to an 
electronic control unit (i.e., ECU) 30 through a wire harness, 
respectively. 

Here, by providing each amplifier 52a-52c a different offset, 
5 for example, the amplifier 52a in the sensing unit 51a operates as 
a linear amplifier in the first measurement range between P0 and 
PI, as shown in Fig. 9. Similarly, the amplifier 52b operates in 
the second measurement range between PI and P2 , and the amplifier 
52c operates in the third measurement range between P2 and P3. 
10 Accordingly, the sensor 50 can detect a pressure change in a wide 
pressure range by switching a plurality of sensing units 50a-50c 
having a different offset. 

However, the sensor 50 according to a related art necessitates 
a plurality of sensing units 50a-50c, so that both cost and size 
15 of the sensor 50 increase. 

SUMMARY OF THE INVENTION 
In view of the above problems, it is an object of the present 
invention to provide physical quantity detection equipment having 
only one sensing unit for detecting both a large and a fine change 
20 in physical quantity. It is another object of the present invention 
to provide a detecting method for detecting both a large and a fine 
change in physical quantity 

Physical quantity detection equipment includes a detector, 
an amplifier, an offset adjustment device, an addition device, and 
25 an output device. The detector detects physical quantity and 
outputs a first voltage corresponding to the detected physical 
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quantity. The amplifier amplifies the first voltage. The offset 
adjustment device determines a measurement range of the amplified 
first voltage among a plurality of predetermined measurement ranges , 
and outputs a second voltage corresponding to the determined 
5 measurement range. The addition device subtracts the second 
voltage from the amplified first voltage, and outputs the subtracted 
amplified first voltage, which is in the determined voltage range. 
The output device outputs the subtracted amplified first voltage 
to an outside circuit, and informs the determined measurement range 

10 to the outside circuit. The outside circuit calculates the physical 
quantity based on the subtracted amplified first voltage and the 
determined measurement range. 

A variable range of the subtracted amplified first voltage 
can be set comparatively large, so that the outside circuit detects 

15 the subtracted amplified first voltage accurately. Therefore, the 
equipment can detect the physical quantity in a wide range without 
decreasing the detection accuracy substantially. Thus, the 
equipment detects both a large and a fine change in the physical 
quantity. 

2 0 Preferably, the output device controls consumption current, 

which is current consumed in the output device and is supplied to 
the output device from the outside circuit. The controlled 
consumption current corresponds to the determined measurement range 
so that the output device informs the determined measurement range 

25 to the outside circuit. 

Preferably, the output device supplies current to the outside 
circuit. Here, the supplied current corresponds to the determined 


measurement range so that the output means informs the determined 
measurement range to the outside circuit. 

Preferably, the output device modulates the subtracted 
amplified first voltage with a predetermined frequency 
5 corresponding to the determined measurement range, and outputs the 
modulated subtracted amplified first voltage to the outside circuit 
so that the output device informs both the subtracted amplified first 
voltage and the determined measurement range to the outside circuit. 

Preferably, the output device includes a first circuit for 
10 outputting the subtracted amplified output voltage to the outside 
circuit and a second circuit for outputting a range signal 
corresponding to the determined measurement range to the outside 
circuit. 

Next, a method for detecting physical quantity includes the 
15 steps of detecting physical quantity, so that a first voltage 
corresponding to the detected physical quantity is outputted, 
determining a measurement range of the first voltage among a 
plurality of predetermined measurement ranges, so that a second 
voltage corresponding to the determined measurement range is 
2 0 outputted, subtracting the second voltage from the first voltage, 
and outputting the subtracted first voltage and an information about 
the determined measurement range. 

A variable range of the subtracted first voltage can be set 
comparatively large, so that the subtracted first voltage is 
25 detected accurately. Therefore, the physical quantity can be 
detected in a wide range without decreasing the detection accuracy 
substantially. Thus, both a large and a fine change in the physical 


quantity can be detected. 

Preferably, the subtracted first voltage and the information 
about the determined measurement range are detected by an outside 
circuit so that the outside circuit calculates the physical quantity 
5 based on the subtracted first voltage and the information about the 
determined measurement range. 

Preferably, the outputting step further includes the step of 
controlling consumption current, which is consumed in a circuit that 
provides the outputting step and is supplied from an outside circuit. 
10 Here the consumption current corresponds to the determined 
measurement range so that the outside circuit calculates the 
physical quantity based on the subtracted first voltage and the 
determined measurement range. 

Preferably, the outputting step further includes the step of 
15 supplying current to an outside circuit. Here the current 
corresponds to the determined measurement range so that the outside 
circuit calculates the physical quantity based on the subtracted 
first voltage and the determined measurement range. 

Preferably, the outputting step further includes the steps 
20 of modulating the subtracted first voltage with a predetermined 
frequency corresponding to the determined measurement range, and 
outputting the modulated subtracted first voltage to an outside 
circuit so that the outside circuit calculates the physical quantity 
based on the modulated subtracted first voltage. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The above and other objects, features and advantages of the 
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present invention will become more apparent from the following 
detailed description made with reference to the accompanying 
drawings. In the drawings: 

Fig. 1 is a schematic diagram showing pressure detection 
5 equipment according to the first embodiment of the present 
invention; 

Fig. 2 is a partial diagram showing a switching circuit and 
an ECU according to the first embodiment; 

Fig. 3A is a graph showing a relationship between a final 
10 output voltage of an output circuit and detected pressure according 
to the first embodiment, and Fig. 3B is a graph showing a relationship 
between the consumption current of a switching circuit and detected 
pressure according to the first embodiment; 

Fig. 4 is a schematic diagram showing pressure detection 
15 equipment according to the second embodiment of the present 
invention; 

Fig. 5 is a partial diagram showing an output circuit and an 
ECU according to the second embodiment; 

Fig. 6 is a schematic diagram showing pressure detection 
20 equipment according to the third embodiment of the present 
invention; 

Fig. 7 is a schematic diagram showing pressure detection 
equipment according to the fourth embodiment of the present 
invention; 

25 Fig. 8 is a schematic diagram showing a physical quantity 

sensor according to a related art; and 

Fig. 9 is a graph showing a relationship between an output 


voltage of the sensor and detected pressure according to the related 
art. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(First Embodiment) 
5 As shown in Fig. 1, pressure detection equipment 10 according 

to the first embodiment includes a sensing device 11 , an amplifier 
12, a range-determination circuit 13, an offset circuit 14, an adder 
15, an output circuit 16a, and a switching circuit 17 . The equipment 
10 connects to an electronic control unit (i.e., ECU) 3 0 through 
10 a wire harness. The power source terminal lOd, the ground terminal 
lOe, and the signal terminal lOf of the equipment 10 connect to the 
power source terminal 30d, the ground terminal 30e, and the signal 
terminal 30f of the ECU 30, respectively. 

The sensing device 11 detects pressure by using a thin 
15 diaphragm (not shown), and outputs an initial output voltage in 
accordance with the detected pressure. The amplifier 12 amplifies 
the initial output voltage inputted from the sensing device 11 . The 
range-determination circuit 13 has a plurality of window comparators 
(not shown) for determining a measurement range of the amplified 
20 initial output voltage among a plurality of predetermined 
measurement ranges. When pressure is applied to the sensing device 
11, the range-determination circuit 13 determines the measurement 
range where the amplified initial output voltage belongs. Then, 
the range-determination circuit 13 outputs a range-determination 
2 5 signal in accordance with the determined measurement range. 

Each window comparator has a threshold for defining each 
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measurement range. For example, the first window comparator has 
the first threshold that provides the first measurement range 
between PO and Pi, the second threshold for the second measurement 
range between PI and P2, and so on. For example, when the amplified 
5 initial output voltage is below the first threshold, the amplified 
initial output voltage belongs to the first measurement range. 
After determining the measurement range, the range-determination 
circuit 13 outputs the range-determination signal, which provides 
information about the determined measurement range. Here, four 

10 measurement ranges P0-P1, P1-P2, P2-P3, P3-P4 are provided, and a 
3-bit signal is used as the range-determination signal. 

The offset circuit 14 outputs an offset adjustment voltage 
in accordance with the range-determination signal inputted from the 
range-determination circuit 13. When the range-determination 

15 signal corresponds to the first measurement range between PO and 
Pi, the offset adjustment voltage is zero. When the 
range-determination signal corresponds to the second measurement 
range between Pi and P2, the offset adjustment voltage is VI. When 
the range-determination signal corresponds to the third measurement 

2 0 range between P2 and P3, the offset adjustment voltage is 2xVl, and 
soon. Thus, the of f set circuit 14 outputs N times VI voltage, i.e., 
NxVl (N=0, 1, 2, ...) as the offset adjustment voltage. 

The adder 15 subtracts the offset adjustment voltage from the 
amplified initial output voltage inputted from the amplifier 12. 

25 Then, the output circuit 16a receives a subtracted output voltage 
inputted from the adder 15, and outputs the subtracted output voltage 
as a final output voltage to the ECU 30. Accordingly, the final 


output voltage outputted from the output circuit 16a changes between 
zero volt and VI volt in each measurement range PO-Pl, P1-P2, P2-P3, 
P3-P4, as shown in Fig. 3A. Here, the range determination circuit 
13 has a hysteresis characteristic of the range-determination signal . 
5 This hysteresis characteristic prevents the final output voltage 
from fluctuating. Moreover, the hysteresis characteristic 
prevents consumption current consumed in the switching circuit from 
fluctuating. Thus, a pressure-output voltage curve has a 
hysteresis characteristic, as shown in Fig. 3A. 

10 The final output voltage from the output circuit 16a is 

inputted to the ECU 30 through the wire harness. Since the final 
output voltage changes between zero volt and VI volt in each 
measurement range, PO-Pl, P1-P2, P2-P3, P3-P4, the ECU 30 is required 
to recognize the measurement range where the output voltage belongs 

15 so as to calculate the amplified initial output voltage of the 
amplifier 12. In this case, if the range-determination signal from 
the range-determination circuit 13 is simply inputted to the ECU 
30, many wire harness between the pressure detection equipment 10 
and the ECU 3 0 is necessitated. Therefore, in the first embodiment, 

2 0 the switching circuit 17 for switching the consumption current 
enables the ECU 30 to detect the determined measurement range of 
the final output voltage without increasing the wire harness . Here, 
the consumption current is current consumed in the switching circuit 
17, and corresponds to the determined measurement range. The 

25 switching circuit 17 controls the consumption current so as to 
correspond to the determined measurement range. 

As shown in Fig. 2, the switching circuit 17 includes three 
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switches 17a-17c, and three constant current circuits 17d-17f. 
Each switch 17a-17c switches on and off according to the 3-bit signal 
as the range-determination signal inputted from the 
range-determination circuit 13 . A different constant current flows 
5 in each constant current circuit 17d-17f , so that the consumption 
current consumed in the switching circuit 17 can be switched eight 
ways by a combination of on/off switching of the switches 17a-17c. 
Thus, as shown in Fig. 3B, the consumption current changes from II 
to 14 in accordance with the measurement range PO-Pl, P1-P2, P2-P3, 
10 P3-P4. 

The ECU 30 supplies the consumption current to the switching 
circuit 17 through a resistor 301 , as shown in Fig. 2. When the 
consumption current of the equipment 10 changes eight ways, a 
terminal voltage between two ends of the resistor 3 01 also changes 

15 in accordance with the consumption current. Therefore, the 
measurement range of the final output voltage corresponding to the 
consumption current can be detected by measuring the terminal 
voltage between two ends of the resistor 301. 

The ECU 3 0 has a microcomputer 300 (i.e., MC). The 

2 0 microcomputer 300 detects the final output voltage outputted from 
the output circuit 16a and the terminal voltage of the resistor 301 
through a built-in type or exterior type A/D converter (not shown) . 
Thus, the microcomputer 300 recognizes the determined measurement 
range of the final output voltage by detecting the terminal voltage 

25 so that the microcomputer 300 calculates the detected pressure based 
on the final output voltage and the determined measurement range. 

In other words, the detected pressure is calculated by adding the 
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offset adjustment voltage corresponding to the measurement range, 
i.e., NxVl (N=0, 1, 2, ...) , to the final output voltage. 

In the first embodiment, a variable range of the final output 
voltage in each measurement range is between zero and VI, so that 
5 the variable range of the final output voltage can be set 
comparatively large. Therefore, the ECU 30 can detect the final 
output voltage accurately, so that the pressure is detected 
accurately. Moreover, the equipment 10 can detect pressure in such 
a wide range between P0 and P4 without decreasing the detection 

10 accuracy substantially and without adding a new sensing device. 
Thus, the equipment 10 having only one sensing unit detects both 
a large and a fine change in pressure. Further, since the 
consumption current of the pressure detection equipment 10 expresses 
the range-determination signal, the ECU 30 can detect the 

15 range-determination signal without adding a new signal wire, i.e., 
the new wire harness, between the pressure detection equipment 10 
and the ECU 30. 

(Second Embodiment) 

The pressure detection equipment 10 according to the second 
20 embodiment includes the sensing device 11, the amplifier 12, the 
range-determination circuit 13, the offset circuit 14, the adder 
15, and an output circuit 16b, as shown in Fig. 4. 

The subtracted output voltage from the adder 15, i.e., the 
offset adjusted output voltage, and the range-determination signal 
25 from the range-determination circuit 13 are inputted to the output 
circuit 16b. The output circuit 16b outputs the final output 
voltage to the ECU 30, and controls a current supply capability in 


accordance with the range-determination signal. As shown in Fig. 
5, the output circuit 16b includes an operational amplifier 167, 
three switches 161-163, and three constant current circuits 164-166. 
The input terminal of the operational amplifier 167 connects 
5 to the adder 15, and the output terminal of the operational amplifier 
167 connects to the constant current circuits 164-166 and the signal 
terminal lOf. The operational amplifier 167 outputs the final 
output voltage in accordance with the subtracted output voltage to 
the ECU 30 through the signal terminal lOf , 3 Of . Each switch 161-163 

10 is controlled by a 3-bit signal of the range-determination signal, 
so that current flowing through each constant current circuit 
164-166 is controlled. Here, each current flowing through the 
constant current circuit 164-166 is different from each other. 
Therefore, the total current as the constant current flowing through 

15 the output circuit 16b changes eight ways by a combination of on/off 
switching of three switches 161-163, so that the output circuit 16b 
outputs the constant current in eight ways. Here, the constant 
current expresses the current supply capability, i.e., the 
range-determination signal . 

2 0 On the other hand, the ECU 3 0 has the microcomputer 3 00, a 

resistor 302, and a switch 303. The resistance of the resistor 302 
is sufficiently smaller than the output impedance of the operational 
amplifier 167. The microcomputer 300 detects both the final output 
voltage and the range-determination signal as follows. 

25 It is assumed that only the switch 161 in the output circuit 

16b switches on, and residual two switches 162, 163 switch off, 
according to the range-determination signal. At first, the switch 
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303 in the ECU 30 switches off* The current flowing through the 
constant current circuit 164 is absorbed into the operational 
amplifier 167 through a channel la, because the output terminal of 
the operational amplifier 167 has low impedance, so that the current 
5 is absorbed as an excess current. At this time, the microcomputer 
300 detects the final output voltage outputted from the output 
circuit 16b corresponding to the subtracted output voltage. 

Next, when the microcomputer 300 controls the switch 303 to 
switch on, the current flowing through the constant current circuit 

10 164 flows into the resistor 302 through the signal terminals lOf , 
30f because the resistance of the resistor 302 is sufficiently 
smaller than the output impedance of the operational amplifier 167. 
Then, the final output voltage inputted into the microcomputer 3 00 
changes. This changed output voltage provides the product of the 

15 current flowing through the constant current circuit 164 and the 
resistance of the resistor 302. Therefore, the current can be 
calculated from the changed output voltage. Here, the current 
expresses the current supply capability, i.e., the 
range-determination signal . 

20 The ECU 30 controls the switch 303 to switch on/off temporally, 

so that the ECU 3 0 detects the final output voltage and the 
range-determination signal. Thus, the ECU 30 calculates the 
pressure based on the final output voltage and the 
range-determination signal . 

25 In the second embodiment, the variable range of the output 

circuit 16b can be set comparatively large. Therefore, the ECU 30 

can detect the output voltage from the output circuit 16b accurately 
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so that the pressure is detected accurately. Moreover, the 
equipment 10 can detect pressure in such a wide range between P0 
and P4 without decreasing the detection accuracy substantially and 
without adding a new sensing device. Thus, the equipment 10 having 
5 only one sensing unit detects both a large and a fine change in 
pressure. Further, the ECU can detect the range-determination 
signal without adding a new signal wire between the pressure 
detection equipment 10 and the ECU 30. 
(Third Embodiment) 
10 The pressure detection equipment 10 according to the third 

embodiment includes the sensing device 11, the amplifier 12, the 
range-determination circuit 13, the offset circuit 14, the adder 
15, an output circuit 16c, and an oscillation circuit 18, as shown 
in Fig. 6. 

15 The oscillation circuit 18 outputs a sine wave having a 

predetermined frequency in accordance with the range-determination 
signal from the range-determination circuit 13 . The output circuit 
16c modulates the subtracted output voltage, i.e. , the final output 
voltage, by using the sine wave, so that the output circuit 16c 

20 outputs the modulated sine wave. Therefore, the predetermined 
frequency in accordance with the range-determination signal is 
superimposed on the final output voltage. 

The ECU 3 0 includes a frequency counter (not shown) and a 
filter (not shown) . The frequency counter detects the superimposed 

25 frequency, i.e., the predetermined frequency. The predetermined 
frequency expresses the range-determination signal. Then, the 
superimposed frequency is eliminated by the filter, so that the ECU 


30 can detect an analogue signal corresponding to the final output 
voltage. Therefore, the ECU 30 calculates the pressure based on 
the final output voltage and the range-determination signal. 

In the third embodiment, the variable range of the output 
5 circuit 16c can be set large, so that the ECU 3 0 can detect the output 
voltage from the output circuit 16c accurately. Further, the 
equipment 10 detects both a large and a fine change in pressure. 
Moreover, the range-determination signal corresponds to the 
superimposed frequency, which is superimposed on the final output 
10 voltage. Therefore, the ECU 3 0 can detect the range-determination 
signal without adding a new signal wire between the pressure 
detection equipment 10 and the ECU 30. 
(Fourth Embodiment) 

The pressure detection equipment 10 according to the fourth 
15 embodiment includes the sensing device 11, the amplifier 12, the 
range-determination circuit 13, the offset circuit 14, the adder 
15, an output circuit 16d, and a generation circuit 19, as shown 
in Fig. 7. The power supply terminal lOd, the ground terminal lOe, 
and the signal terminal lOf-lOi in the pressure detection equipment 
20 10 connect to the power supply terminal lOd, the ground terminal 
lOe, and the signal terminal lOf-lOi in the ECU 30 through the wire 
harness , respectively . 

The generation circuit 19 converts the range-determination 
signal so that the converted range-determination signal adjusts to 
25 a specification of system in the ECU 30. For example, when the 
range-determination signal is a 3-bit signal, the lowest output 
range of the ECU 3 0 is expressed as "111", and the 


range-determination signal is expressed as "000", the generation 
circuit 19 converts the range-determination signal to "111". 

The output circuit 16d outputs the final output voltage to 
the ECU 30. The ECU 30 detects the final output voltage and the 
5 converted range-determination signal. Thus, the ECU 3 0 calculates 
the pressure by adding the offset adjustment voltage in accordance 
with the range-determination signal to the final output voltage. 

in the fourth embodiment, the variable range of the output 
circuit 16d can be set large, so that the ECU 30 can detect the output 
10 voltage from the output circuit 16c accurately. Further, the 
equipment 10 detects both a large and a fine change in pressure. 
Moreover, the ECU 30 can detect the range-determination signal 
without adding a new signal wire between the pressure detection 
equipment 10 and the ECU 30. 
15 (Modification) 

Although the range-determination circuit 13 , the offset 
circuit 14, the adder 15, and the like are constructed by discrete 
circuits, they can be constructed by software. 

Although the sensing device 11 provides a pressure sensor, 
20 other physical quantity sensors can be used as the sensing device 
11. For example, the physical quantity sensor detects a physical 
quantity, such as temperature, acceleration, and humidity. 

Such changes and modifications are to be understood as being 
within the scope of the present invention as defined by the appended 
25 claims. 
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